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METHOD FOR STRUCTURING A GEAR
ASSEMBLY HOUSING

This 1s a continuation-in-part application of U.S. patent
application Ser. No. 10/165,487 filed on Jun. 7, 2002. U.S.
patent application Ser. No. 10/1635,487 1s now abandoned.

BACKGROUND OF THE INVENTION

This 1mvention relates to housings for axle gear mecha-
nisms for land mobile vehicles. The improved differential
gear axle housing i1s structured to maximize the clearance
between the bottom of the housing and the terrain over which
the mobile vehicle may travel.

Gear axle housings have generally been structured in
shapes approximating spheres, ovals or egg shapes and the
like geometric three-dimensional structures. This may pro-
vide strength and ease of manufacturer for such housings.
However, where terrain clearance 1s an 1ssue, these shapes
may not maximize the clearance, for example, for use with

on/oft road vehicles such as wheeled, tracked and like land
mobile vehicles.

SUMMARY OF THE INVENTION

The present invention 1s directed to structures designed to
house gear assemblies of land mobile vehicles. The gear
housing may have an upper housing portion and a lower
housing portion. The lower housing portion may have a wall
reference position below a lowest surface structure of a gear
assembly wherein a wall of smooth, generally non-planar
surfaces may be positioned below a gear assembly centerline
with an interior surface at the wall reference position adjacent
the lowest surface structure with suificient separation to avoid
contact between the gear housing and the gear assembly. This
separation between the gear housing and the gear assembly
may allow for the tolerances and material temperature varia-
tions of the structural elements. The wall may have at least
one concave curved segment to position the wall adjacent to a
contour of outer surface structures of the gear assembly, but
not contacting the gear assembly. An upper housing portion
may be attached to the lower housing portion to enclose the
gear assembly.

These and other features, aspects and advantages of the
present invention will become better understood with refer-
ence to the following drawings, description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 11llustrates an elevation side view of the gear housing
with cover plate removed and without the gear assembly that
may be attached to a rear axle assembly according to an
embodiment of the invention;

FIG. 2 1llustrates an elevation side view of the gear housing,
opened to expose the gear assembly with a cover plate
removed according to an embodiment of the 1nvention;

FI1G. 3 1llustrates an elevation side view of the gear housing,
according to an embodiment of the mvention with dashed
lined overlay of a conventional gear housing;

FI1G. 4 1llustrates a bottom view of the gear housing accord-
ing to an embodiment of the invention.

DETAILED DESCRIPTION

The following detailed description represents the best cur-
rently contemplated modes for carrying out the mvention.
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The description 1s not to be taken 1n a limiting sense, but 1s
made merely for the purpose of illustrating the general prin-
ciples of the invention.

Referring to FI1G. 1, arear axle differential gear housing 10
may be attached to a rear axle assembly and supporting drive
apparatus (not shown). The gear housing 10 as part of a
wheeled vehicle may travel on irregular terrain that may have
large vertical variation characteristics such as rocks 70 or the
ground. Often the vertical clearance between the terrain and
the vehicle 1s defined by the gear housing 10 as 1t may pro-
trude below the axle assembly 50. Any reduction 1n the por-
tion of the gear housing 10 structure or exterior surface 24
protruding below the axle assembly 50 bottom surface may
enhance the mobility of the vehicle.

The gear housing 10 may have a contoured lower housing,
portion 12 structure below the rear axle assembly 50 center
line 52. This shape, as best viewed 1n FIG. 2, while having the
typically shaped upper housing portion 14, has a lower hous-
ing portion shape that closely follows the contour of the gear
clements outer surface 32 of the gear assembly 30. The dii-
terential or gear assembly 30 elements, such as, ring gear 34,
ring gear mounting flange 38, carrier thrust bearing saddles
42 and the like, define a contour that a gear housing 10 with
proper provision for structural strength may enclose 1 a form
to maximize the clearance between the gear housing 10 bot-
tom 16 and terrain that may be traversed.

Referring to FIGS. 2 and 4, the lower housing portion 12
may have a wall reference position 26 that may be vertically
below the lowest surface structure 40 that may be the plane 54
of the ring gear top lands 44 of the ring gear teeth 36 of the
gear assembly 30. The wall 18 may be formed of smooth,
generally non-planar surfaces joined together to form the
lower housing portion 12 with an interior surface 22 that may
position the wall reference position 26 adjacent the lowest
surface structure 40. The interior surface 22 may have suili-
cient separation distance to avoid contact between the gear
housing 10 and the gear assembly 30. The separation distance
may be related to the tolerances of materials associated with
the gear assembly 30 and the gear housing 10 and any mate-
rials vanation that may result from environmental changes
such as temperature changes.

The separation distance for a particular housing found by
experiment was approximately 0.035+/-0.025 1nches
between the interior surface 22 at the wall reference position
26 and the ring gear tooth top land 44 spin plane 54. Addi-
tionally, the separation distance for the ring gear wall segment
66 at the interior surface 22 and the ring gear outer diameter

surface 28 was established at approximately 0.090+/-0.025
inches.
The wall 18 may have a convex curved wall segment 60
adjacent to the lowest surface structure 40 that may be joined
to a concave curved wall segment 61 that may transition to a
generally linear wall segment 64. These segments may be
shaped to generally follow the contour of outer surface struc-
tures 32. There may be a first transition wall segment 62
joimed to the generally linear wall segment 64 at a convex
curved segment 67 and to an axle tube interface element 56.
While the term curved segment may be used to describe the
various segment shapes, other forms such as irregular partial
polygons or faceted surface shapes may be used to achieve
these segment forms, for example, a curve may be formed of
relatively small linear segments joined to create a concave
surface.

There may be a ring gear wall segment 66 that may be
generally linear in form and approximately parallel and ad;a-
cent to a ring gear outer diameter surface 28. The ring gear

wall segment 66 may be joined to the convex curved wall
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segment 60. There may be a concave curved wall segment 63
jo1ined to the rnng gear wall segment 66 at a convex curved ring,
gear wall segment 65. The concave curved wall segment 63
may transition to a transition wall segment 68 that may be
attached to an axle tube mterface element 56. These segments
may be shaped to generally follow the contour of outer sur-
face structures 32.

The concave curved wall segments 61, 63 may have cur-
vatures such that there may be at least approximately 0.100
inches distance from a chord of said concave curved wall
segments 61, 63 at the maximum separation joint from each
respective chord.

Referring to FIG. 3, the gear housing 10 may have a major
lower peak structure at location 20 to accommodate the gear

10

assembly. However, from this location 20 the remainder of 15

the lower housing portion 12 may have the wall 18 distance
below the axle assembly 50 minimized to structure the bottom
16 to allow clearance of obstacles. In a general volumetric
sense this may provide approximately 30% more terrain
clearance than typical gear housing structures as 1llustrated
by the dashed line drawing in F1G. 3. To further strengthen the
gear housing 10 for the variable shape wall, ductile iron may
be used to fabricate the housing including a heat treatment
process for part finishing.

While the invention has been particularly shown and
described with respect to the illustrated embodiments thereof,
it will be understood by those skilled 1n the art that the fore-
going and other changes in form and details may be made
therein without departing from the spirit and scope of the
invention.

DIFFERENTIAL GEAR AXLE HOUSING CALL
OO0 LIST FOR DRAWING ELEMENTS

10 gear housing
12 lower housing portion
14 upper housing portion

16 housing bottom
18 wall

20 location peak

22 interior surface

24 exterior suriace

26 wall reference position

28 ring gear outer diameter surface
30 gear assembly

32 gear elements outer surface
34 ring gear

36 ring gear teeth

38 ring gear mounting tlange
40 lowest surface structure

42 carrier thrust bearing saddles
44 ring gear tooth top land

46

48

50 axle assembly

52 center line

54 spin plane

56 axle tube interface element
58

60 convex curved wall segment
61 first concave curved wall segment
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62 transition wall segment

63 second concave curved wall segment
64 generally linear wall segment

65 convex curved ring gear wall segment
66 ring gear wall segment

67 convex curved segment

68 second transition wall segment

69

70 rocks

I claim:

1. A method for structuring a housing to enclose a gear
assembly for attachment to an axle assembly of a land mobile
vehicle comprising:

identifying a lowest surface structure defined by a plurality
of ring gear teeth top lands that define a spin plane of a
gear assembly relative to a vertical axis perpendicular to
a horizontal plane that would be tangent to a bottom of a
plurality of wheels of a land vehicle;

forming a lower gear housing portion having a wall of
smooth, generally non-planar surfaces positioned below
a gear assembly centerline with an 1nterior surface adja-
cent said lowest surface structure that does not contact
said lowest surface structure;

shaping said wall relative to an axis of an axle of said land
vehicle to form:

a convex curved wall segment adjacent to said lowest sur-
face structure joined to a first concave curved wall seg-
ment that transitions to a generally linear wall segment
that 1s adjacent said gear assembly;

a first transition wall segment 1s joined to said generally
linear wall segment and to an axle tube 1nterface ele-
ment,

aring gear wall segment that 1s of generally linear form and

approximately parallel to a ring gear outer diameter
surface and said ring gear wall segment joined to said
convex curved wall segment;
said ring gear wall segment opposite said convex curved
wall segment joined to a second concave curved wall
segment that transitions to a second transition wall seg-
ment that 1s attached to an axle tube interface element:

wherein said wall 1s positioned adjacent to a contour of
outer surface structural surfaces of said gear elements,
but not contacting said gear elements; and

attaching an upper housing portion to said lower housing,

portion to enclose said gear assembly.

2. The method as in claim 1 wherein said interior surface 1s
not more than 0.035+/-0.025 inches distance from said low-
est surface structure.

3. The method as 1n claim 1 wherein there 1s less than
0.090+/-0.025 1inches distance from said ring gear outer
diameter surface to an interior surface of said ring gear wall
segment.

4. The method as 1n claim 1 wherein said first concave
curved wall segment 1s at least 0.100 inches distance from a
chord of said first concave curved wall segment at the maxi-
mum separation point from said chord.

5. The method as in claim 1 wherein said second concave
curved wall segment 1s at least 0.100 inches distance from a
chord of said second concave curved wall segment at the
maximum separation point from said chord.
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